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a b s t r a c t
There is increasing concern over the consequences of environmental change for people and communities
that depend on already fragile marine resources, given the mounting evidence of sustained over-
exploitation and climate change impacts on marine systems. In order to explore the potential social
resilience of marine-dependent livelihoods to environmental change, interviews with fishers and
marine-based tourism operators in the Caribbean island of Anguilla were undertaken, to identify the
impacts of hurricane events on marine livelihoods, the perceptions of resource-users and their potential
adaptability to future change. For both sectors of resource-users, there is evidence that they have
diversified livelihoods to achieve financial security, which may provide resilience to future climate
related impacts or resource variability. In addition, specific behavioural changes that have been
developed following previous hurricane events, e.g. removal of fish pots during hurricane months, or
bringing boats to shore, indicate fishers' flexibility to changing conditions. However, strong personal and
cultural attachment to occupations, particularly among fishers, may hinder resilience. Additionally, the
reliance of all of these marine resource-users on the climate-dependent tourism industry may under-
mine their capacity to cope with future environmental change. Many of these problems are common
throughout the Caribbean, as thousands of marine-dependent livelihoods are vulnerable to marine
degradation and climate change impacts. Urgent attention is therefore required to support the
development of adaptive, sustainable management of marine resources that may enhance resilience to
environmental change.
& 2013 Elsevier Ltd. All rights reserved.
1. Introduction
Coastal communities throughout the developing world are
recognised as being particularly vulnerable to environmental
change [1–3]. Many are dependent upon already depleted natural
resources and degraded coastal systems, and may consequently be
highly susceptible to changes in the condition of the natural
resources upon which they rely [4,5]. In tropical regions, coastal
ecosystems and communities may also be at risk from the impacts
of natural phenomena such as earthquakes, tsunamis and hurri-
canes, with serious implications for human security and livelihood
opportunities [6,7]. In addition, there is growing evidence of global
climate change effects on coastal resource-dependent commu-
nities; for example through impacts on fish stocks and fisheries
[3,8], increases in the frequency and severity of coral bleaching
events [9,10] and threats to coastal resources from sea-level rise
[11,12]. Consequently, there is considerable concern regarding the
repercussions of global and local environmental change on coastal
resource-dependent communities and industries [5,13].
Natural resource-dependency describes the direct association
between the livelihoods of individuals, sectors or communities,
and a natural resource and its local economy [14]. Close links
between social and ecological systems, of which coastal resource-
dependent users and industries are a prime example, can have
major implications for managing and adapting to environmental
change [4,15]. The ability of social-ecological systems to adapt to
environmental and climatic change has gained prevalence, notably
through the concept of ‘resilience’ for example, see [16,17–19]. The
resilience of social-ecological systems is identified by their ability
to cope with external stresses and disturbances resulting from
social, political, or environmental change [20].
The resilience of many coastal communities largely depends on
the flexibility of individual resource-users, or the ‘social resilience’
available to deal with and adapt to change or variability [14,21], as
well as the ability of communities to act collectively i.e. their
'social capital' see [16]. The social resilience of individuals can be
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influenced by a series of key components, including individual
perception of risk associated with change, ability to plan, learn and
reorganise, and social, economic and environmental dependencies
such as the level of attachment to specific occupations and places,
employability, family characteristics and financial status [22]. For
example, it has been suggested that individuals with few family
responsibilities, more financial security, and weak attachment to a
resource-dependent occupation, may be more able or willing to
change occupation, hence increasing their resilience and reducing
their vulnerability [21]. The existence of diverse livelihood systems
has also been identified as an important component that can
enhance individual and community adaptability to disturbance
and change [13]. Livelihood diversification can reduce the threat of
livelihood failure in resource-dependent systems, by spreading
risk across more than one source of income, and it may help to
overcome variations associated with resource seasonality, market
failures and uncertainties [23].
Several studies have investigated the vulnerability of coastal and
marine resource-dependent communities and nations to climatic
change [3,4,24]. However, until recently, the implications of climate
variability on the lives and livelihoods of marine resource-users at
local scales have been less well explored [13,25]. Investigations of
individual perceptions of environmental change have commonly
used a livelihoods approach see [13,23]. This approach focuses on
local-scale assets (land, stock, savings etc.), capabilities and activ-
ities of resource-dependent people, and assesses how different
livelihood strategies can affect the ability of people or groups to
withstand disturbance or change [23].
Here a livelihoods approach is used to assess the resilience of
marine and coastal resource-users to environmental change on the
Caribbean island of Anguilla, a country highly dependent on
marine and coastal resources, with no other significant economic
industries [26,27]. This study focuses on the effects of hurricanes
to examine the resilience of communities to environmental
change, as the islands of the Caribbean are particularly at risk
from these extreme events [28,29]. The impacts from North Atlantic
hurricane activity are expected to increase in the Caribbean region
in response to changing global climate conditions [2,30], although
specific changes in hurricane risk for the Caribbean are not yet
fully understood e.g. see [31,32]. Nevertheless, hurricanes have
considerable impacts on Caribbean islands and the increasing
prevalence of these extreme events is a major concern for the
region [28,33,34].
The aim of this study is to explore the social-resilience of
marine resource-dependent livelihoods on the Caribbean island of
Anguilla to environmental stressors by (1) identifying the char-
acteristics of marine and coastal resource-dependent users and
livelihoods, (2) assessing the impacts of previous hurricane events
on these resource-dependent livelihoods, and (3) investigating
resource-user perceptions of future environmental change on the
resource and livelihood security.
2. Methods
2.1. The study location
The study was undertaken in Anguilla, a small island in the
Lesser Antilles chain in the Caribbean Sea (Fig. 1). Like many
islands in the Caribbean, the island of Anguilla depends heavily on
its marine and coastal resources for fisheries and tourism [34,35].
Fishing in Anguilla is largely artisanal, and there are approximately
300 outboard-powered open-top fishing vessels, most of which
are between 5 and 10 m in length. The majority of fishers operate
close to shore, but due to low inshore catch rates, many vessels
have expanded their range to within approximately 65 km radius
of the island [27]. The inshore coral reef fishery principally targets
reef fish (e.g. groupers (Serranidae), parrotfish (Scaridae)), and
lobsters (spiny lobster (Panulirus argus) and spotted spiny lobster
(P. guttatus), known locally as crayfish [35]).
Tourism dominates Anguilla’s economy and generates over 70% of
the island’s gross domestic product (GDP) and employment opportu-
nities [36]. The tourist season in Anguilla is highly seasonal; the official
tourist season runs from December to April, with peak tourist arrivals
during December, March and April [34]. Since the late 1970s, Anguilla
has developed into an upmarket beach tourist destination, and is
renowned for its pristine white sand beaches [26]. The rapidly
expanding luxury tourism industry on the island has also created a
growing demand for seafood products such as lobster, in addition to
the high demand for reef fish among the local population [35].
Evidently, the fishing industry has become an important contributor
to the island’s economy, currently employing an estimated 5% of the
Fig. 1. Anguilla and its associated islands and cays. The location and names of the study sites are indicated, with the numbers of respondents (fishers (black triangle) and
tourist operators (white triangle)) interviewed at each site. The inset shows the location of Anguilla within the Caribbean region.
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population (c. 400 individuals); although the vast majority fish part-
time [27].
2.2. Interviews with marine resource-users
Interviews were conducted between February and April 2008,
with 24 fishers from the six main harbours and 13 marine tourist
operators (see Fig. 1). The fishers that were interviewed all relied
on fishing coral reefs for all or part of their income, targeting the
inshore reef fishery for reef fish and/or shellfish using fish or
lobster traps (hereafter called traps) and hand-lines. The 13
marine-based tourist operators included all of the dive shops
(n¼3), glass-bottom boat (n¼2), beach hire (n¼1) and boat
charter companies (n¼4) as well as the three inshore tourist
destinations with on-site restaurants on the island (Fig. 1).
Respondents were interviewed on the basis of recommendations
from key informants (senior representatives from the Anguilla
Department for Fisheries and Marine Resources (DFMR), and experi-
enced local fishers), and through snowball sampling (whereby
respondents recommended further potential interviewees [37]). Inter-
views with fishers and tourist operators consisted of a series of
(a) structured closed questions to generate quantitative data on
demographic variables and (b) open-ended, semi-structured ques-
tions to provide qualitative information on fishing practices and
livelihood strategies, perceptions of marine ecosystem health and
environmental change. Information on the impacts of previous
hurricanes in Anguilla was gathered specifically as hurricanes are a
particularly prevalent environmental stressor in the Caribbean. Inter-
views were tape-recorded and transcribed verbatim.
2.3. Data analyses
Responses to open-ended questions were manually coded
and analysed using an ‘open coding’ method [38], in which
similarities and differences in responses to questions are
assessed. Conceptually similar responses or opinions were
grouped together into ‘categories’ which were defined using a
common theme. This method ensures that the response themes
directly reflect the issues that emerged from the interviews.
Triangulation was used to validate the results of interviews by
cross-checking information with other interviewees and key
informants from the wider fishing and tourist community, and
government officials from the DFMR. Interviewee responses
were also cross-validated with personal observations at the
harbour and during fishing trips. Collectively, these practices
affirmed the accuracy of the interview data [37].
Spearman rank correlations were used to explore associations
between specific measures of fishing effort (number of traps,
weight of catch and fuel expenditure) for individual fishers.
Results are given for all 24 fishers where possible, but not all
fishers provided all relevant data. Seasonal variation in tourist
demand was quantified for the tourist operators, with each tourist
operator providing an estimate of tourist demand for each month
of the year, in $US or numbers of visitors. For individual respon-
dents, tourism demand was standardised relative to the mean of
all 12 months to give a relative monthly demand. This was then
averaged across all 13 tourist operators.
3. Results
3.1. Fishers
3.1.1. Demographic characteristics
All of the 24 fishers interviewed were male Anguillian
nationals, with all but one having lived in Anguilla for their entire
life. The majority of respondents had left education after second-
ary school (67%, n¼14/21), with three completing high school and
one holding a graduate qualification. Most of the respondents
were married (71%, n¼15/21) and of these the majority (93%) had
children. With respect to these education and family status
indicators, the respondents are typical of the male working
population for the island [39,40]. In total, 81% (n¼17/21) of
respondents stated that they were responsible for dependents
(children or family members).
The average age of the fishers was 46 years (716 SD), with
ages ranging between 19 and 70þ years. Most of the fishers were
categorised in the 45–54 (n¼8) and 55–64 year groups (n¼4),
with three fishers aged 65þ years. By comparison to the employed
male population in Anguilla, these fishers are on average older,
with 75% 435 years and 42% 450 years (the national census
shows that 55% of working males on Anguilla are 435 years and
17% are 450 years [41]. Only six respondents were younger than
35 years. The majority of fishers started their fishing career in their
late teens or straight after secondary school (mean age7SD,
1876 years). Most respondents were from fishing families,
following a hereditary occupation as demonstrated by 92%
(n¼22) with grandfathers or fathers that fished before them.
3.1.2. Fishing strategies
The majority of respondents (83%, n¼20) considered fishing to
be their main occupation and source of income, although half
subsidised their fishing with alternative employment, including
construction work and private boat charters. Fishers were rela-
tively similar in terms of their fishing strategies; 20 respondents
(83%) targeted both fish and lobster (two also target crayfish).
Fewer (n¼4) respondents targeted single species, with two fishers
targeting only fish and two targeting only lobster. In addition,
14 fishers stated they also use hand- or long-lines to target species
such as red snapper (Lutjanus campechanus). The number of traps
used, however, differed substantially among fishers. For the
months that the survey took place, total traps per fisher ranged
from 20 to 380 (mean7SD, 82775), with the number of fish traps
ranging from 13 to 120 (48759 traps), and lobster traps ranging
from 8 to 300 (59765 traps). Average daily catch for all gear types
(i.e. combining fish and lobster traps and hand-lining) was 72 kg/
day (SD737 kg/day). Daily catch for only fish traps was 60 kg/day
(7 35 kg/day) and for lobster traps was 53 kg/day (7 36 kg/day).
Catch weight increased significantly with number of traps set by
each fisher (total combined catch rs¼0.66, po0.01, n¼22; fish
rs¼0.64, po0.01, n¼18; lobster rs¼0.86, p o0.001, n¼15). Inter-
views revealed that, due to species-specific survival rates, fishers
checked their lobster traps once a week whereas fish traps were
checked every 2–3 days.
3.1.3. Fishing costs, income and assets
Anguillian fishers accumulate many occupation-specific assets.
For example, interviews revealed that the cost of typical fishing
boats, excluding the outboard-motor(s) was c. $US 25,000. All of
the fishers stated that they fished using their own boat, and they
all built their own traps. Respondents estimated that the cost of
fish or lobster traps was between $US 135 and 225 per trap
(excluding labour costs). Given the average total number of traps
(82775 SD), these fishers own between $US 11,020 (710,125 SD)
and $US 18,450 (716, 875 SD) worth of traps.
After the initial costs incurred by building traps and boat
acquisition, other running costs (e.g. bait, wages, general main-
tenance) were considered by respondents to be negligible com-
pared to the cost of fuel. Weekly fuel expenditure ranged from $US
120 to 750 (mean7SD, 3827173), with the range reflecting the
variation in the number of days respondents fished (between
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1 and 6 days/wk, mean7SD, 371.4 days/wk). Weekly fuel
expenditure was significantly positively associated with fishing
days/week (rs¼0.72, po0.001, n¼24).
The standard market price of catches varied according to
species. During the time of surveying, lobster market price ($US
18.5 per kg) was higher than for reef fish ($US 11 per kg), reflecting
a demand for lobster by the luxury tourism industry, compared
with the local demand for reef fish. All fishers (n¼24) commented
that they could always sell their fish or lobster at any time of the
year. The profitability of lobster varied according to season, with
the price reducing by approximately half from the peak tourist
season (November to April) to the off-peak tourist months. For this
reason, and also because egg-bearing lobsters are present during
the off-peak summer months, many fishers tended to switch to
targeting only reef fish between May and November.
Using the above market prices, the estimated values of weekly
catch per fisher at the time of sampling ranged from $US 600 to
3750 for reef fish (mean7SD, 211671023 $US) and from $US 298
to 2253 for lobster ($US 11067584). Fishers average weekly
takings after fuel costs, ranged from $US 450 to 3150 for fish
($US 16717730) and from $US 210 to 1753 for lobster ($US
8367458), highlighting the profitability of fishing in Anguilla.
3.2. Environmental change effects on fishers
3.2.1. Previous hurricane impacts on fishing livelihoods
The most recent hurricanes that severely impacted Anguilla are
hurricanes Luis in 1995 and Lenny in 1999. Hurricane Lenny
caused significant flooding and damage to land-based infrastruc-
ture, but less impact at sea or on the fishing community. Conse-
quently, when recounting impacts suffered from hurricanes,
respondents predominantly focused their responses to the effects
of hurricane Luis (Table 1). The accuracy of these recollections may
be enhanced by both the age of these fishers and that many were
fishing during hurricane Luis, in addition to the general signifi-
cance of hurricane Luis for the whole island.
The majority of respondents (75%) lost gear (fish and/or lobster
traps) as a consequence of hurricane Luis, with losses per fisher
ranging from 13 to 250 (mean7SD, 86767) traps. The combina-
tion of lost gear and the impact of the hurricane on hotels meant
that fishers were unable to fish for at least two months (Table 1),
although one fisher stated he did not return to fishing for
approximately three years. Respondents stated that the Anguilla
government provided some financial assistance to the fishing
community by giving each fisher three traps to re-start fishing,
and offering subsidies on wire mesh and buoys to help fishers
rebuild traps.
In addition to the substantial financial impacts accrued, six
respondents stated that the fishing grounds had been altered by
the hurricane. Another six respondents mentioned that the fishing
grounds had been completely destroyed. All respondents contin-
ued to fish after the devastation of this hurricane, even though
some took several years to return to fishing. It would appear that,
despite the destruction of the hurricane, fishing remained a viable
occupation, and the profitability of fishing in Anguilla will likely
have influenced the decision of these fishers to continue fishing.
The personal and cultural ties that fishers have with their
occupation, their ‘fisher ethic’, may provide an additional explana-
tion for why fishers continued to fish after hurricane Luis. When
asked why they fished, 63% (n¼15/24) of respondents stated their
motive was because of an ingrained cultural or personal desire to
fish. By comparison, fewer respondents (33%, n¼8/24) mentioned
the financial motivation. Examples of respondent response cate-
gories and selected quotes illustrating ‘fisher ethic’ are shown in
Table 2.
3.2.2. Longer term implications of hurricane Luis
The impact of hurricane Luis was manifest in seasonal changes
in the fishing practices on Anguilla. Before hurricane Luis, fishers
did not bring their traps inshore during the hurricane season;
instead preferring to risk losing or damaging fishing gear and
continuing to fish throughout the hurricane season. As a direct
response to the losses sustained by the fishing community from
this hurricane, fishers have developed more risk-averse fishing
practices (Table 3). For example, the majority of fishers (n¼16)
now bring some or all of their traps inland or inshore at the start of
the hurricane season, although specific strategies vary among
individuals. A few fishers (n¼2) also adjust their traps by adding
different buoys or rope to increase trap robustness to storm
impact. Only three respondents stated that they have not changed
their fishing practices, and continue to leave their traps in the
fishing grounds regardless of hurricane risk.
3.2.3. Fishers' perceptions of future environmental change
Considering the impacts of previous hurricanes on the fishing
community in Anguilla, fishers were understandably concerned
about future hurricane impacts. When asked how they would feel
if hurricane risk increased, 12 respondents stated that they would
be very concerned. Five of these respondents stated that they
would be concerned about the impact specifically on their fishing,
and may consider another occupation. Perceptions relating to
broader implications of environmental change elicited fewer
responses (n¼7), including specific concerns about coral bleaching
(n¼2), sea-level rise (n¼1) and increases in sea temperature
affecting fish movement (n¼1).
With regards to environmental changes in the fishery, of
greatest concern to these respondents were the changes in fish
abundance. The majority of respondents considered that at pre-
sent there are fewer fish (n¼16) and smaller fish (n¼6) than there
were 20 years ago, particularly reef fish species such as groupers
and parrot fish. Responses related the changes in fish abundance
to an increase in the number of fishers (n¼7) and irresponsible
fishing practices (n¼3), such as ‘ghost fishing’ from abandoned
traps. One respondent perceived the problem of overfishing to be
caused by the number of traps in use, rather than the number of
fishers; while another stated that modern fishing gear has
Table 1
Fisher response categories to the open question “If you were fishing during
previous hurricanes did they affect your fishing?” All responses relate to the effects
of hurricane Luis (1995) on Anguillian fishers and fishing. The number and
percentage of respondents that mentioned each response is reported.
Fisher response categories Number of
responses
Percentage of
responses
Lost fish and/or lobster traps 18 75
The hurricane changed fishing
grounds causing fish to move away
7 29
The hurricane destroyed fishing
grounds and coral reefs
6 25
Hotels shut or had no electricity for two
months, they could not freeze fish,
and there was no demand for fish or lobster
3 12.5
The fishing industry took two years
to fully recover
2 8
It took approximately two months to build
traps and go fishing
2 8
The hurricane caused damage to, or the
loss of, fishing boats
2 8
Lost income (thousands of dollars) 1 4
Hotels on the island took a year to
return to pre-Luis state
1 4
Stopped fishing (three years) 1 4
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increased the effectiveness of fishing in Anguilla. As a result, a
small number of respondents wanted to see changes to current
fishery regulations, through implementing seasonal bans (n¼5),
no-take areas (n¼1) and a ban on spear-fishing (n¼1).
3.3. Marine-based tourist operators
3.3.1. Demographic characteristics
There was greater demographic variation among the 13 tourist
operators in comparison to the fisher group. While most (n¼10) of
the tourist operators were male, there were also three women
running marine-dependent tourist businesses. The majority of
respondents in this group were Anguillian nationals (n¼11) but
two were European. Under half of the respondents were married
(38%, n¼5), and slightly more had children (46%, n¼6). More
respondents in this group had achieved a higher level of educa-
tion, with three having been to university. The most common age
category for these respondents was the 35–44 year group (n¼7).
Two respondents were younger than this modal age category,
while four were older (n¼1 in the 45–54 year and n¼3 in the
55–64 year group).
3.3.2. Livelihood strategies of tourist operators
The majority of tourist operators owned their business (n¼10),
while the remaining three businesses were family-run enterprises.
Respondents had worked in these businesses for between 1.5 and
27 years (mean7SD, 877 years). Almost all respondents (n¼10)
stated that their tourism business was their only or main source of
employment. Five respondents had additional sources of income e.
g. fishing, commercial diving, restaurant work (although this was
predominantly during the off-peak tourist season, see below).
There was general agreement among respondents (n¼10) that
there were other viable employment opportunities in Anguilla if
necessary.
3.3.3. Seasonal variation in tourist demand
During the tourist season (December to April), the average
number of days respondents work for their businesses is 5.5 days/wk
(7 1 SD). For the off-season months when businesses are still
open (May to July), the average number of days respondents work
decreases slightly (473 days/wk). Tourist demand in Anguilla is
strongly seasonal, with a sharp decline during the off-season
summer months (August to November). Fig. 2 highlights the
Table 2
Fisher responses to the open question “Why do you fish?” Fifteen fishers stated their motive was related to the desire to fish rather than purely financial reward. These
respondents had a strong ‘fisher ethic’. The number of respondents that mentioned each ‘fisher ethic’ category is included, in addition to examples of respondent responses
to contextualise each category.
Response category Number of respondents Selected respondent responses
Love of fishing 7 “I just love it. I grew up around guys that do fishing, my father also”
“The sea is where I should be…we love it, if we do not fish we don't feel right”
“Fishing is great. Fishing is beautiful. I love fishing. And not only fishing, I love the
fact of being on the sea. I could go on the ocean, sit down fishing, not catching anything
and I feel good”
“I fish because I love it…[and] I can make enough money”
Family tradition 6 “I grew up around the sea”
“I kind of feel its [fishing] in my blood. I was drawn to fishing from very young.
Right out of school I just wanted to do fishing for the rest of my life”
“I took up fishing because I am from this area, born in Island Harbour”
“I have been fishing ever since I have been born…grew up with my father
fishing, I just continued as a little boy doing the same thing”
Own boss 3 “When you fish you don't have no boss”
“Do not want to work for anyone else"
Only interested in fishing for a living 2 “ Would not do anything else”
Relaxation 1 “For me it is most important livelihood because it pays and it is relaxation”
Expertise 1 “It is something I like and I’m good at it”
Table 3
Fishers' response strategies relating to the June-November hurricane season. The number and percentage of respondents that mentioned each response is reported.
Fisher response categories Number of
responses
Percentage of
responses
Bring all traps inland at the start of the hurricane season (avoids risk of hurricanes and the off-peak tourist season means
there is limited demand)
8 33
Switch traps from lobster to reef fish (less money but can fish all year round) 5 21
Stop fishing for lobster April/May because of lobster spawning season. Take lobster traps out of the water but do not switch
them to reef traps.
3 12.5
Leave the traps out regardless of hurricane forecast, too much effort to bring them in 3 12.5
Bring in traps closer/leave them in the inshore reef which is more sheltered from storms 3 12.5
Continue fishing for reef fish as normal, but fit traps with smaller buoys and longer rope (less drag/damage if there is a
hurricane)
2 8
Stop fishing during the hurricane season, rely on alternative income 2 8
Bring some traps in and leave some out 2 8
Switch from inshore reef fishing to offshore hand-line fishing 1 4
Only bring in traps if a hurricane is predicted to hit 1 4
During hurricane season fish less but prepare for these months by saving more and spending less 1 4
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seasonality in demand, determined by the tourism revenue or
tourist numbers of each of the 13 tourist operators.
The seasonality of the tourist industry affects many of the
tourist operators’ livelihoods (Table 4). Interviews revealed that,
due to the combination of low tourist numbers and increased
hurricane risk, most businesses close between August and October
(n¼9, 69%). Of the businesses that close, four respondents stated
they take alternative seasonal employment during the off-peak
season, or are able to rely on financial contributions from other
family members. The majority of respondents (n¼11, 85%) con-
sidered that the hurricane season (June to November) affects
tourism in Anguilla to some degree. Two respondents stated that
the hurricane season did not affect tourism, with one adding that
the seasonality in tourism is principally driven by the lack of
demand from American tourists who stay in the USA during their
warmer summer months.
3.4. Environmental change effects on tourist operators
3.4.1. Previous hurricane impacts on marine tourism livelihoods
Many of the tourist operators on the island were also severely
affected by hurricane Luis in 1995 (Table 5). Five of the respon-
dents' businesses suffered financial losses, both from direct
damages and loss of earnings. As these marine tourist businesses
vary substantially in terms of their infrastructure and assets, so too
did their financial losses. For example, the direct impacts of the
hurricane on Anguilla’s surrounding islands and cays caused
severe losses to the businesses located on Scilly Cay (estimated
at $US 1 million in damages and $US 500,000 in lost earnings) and
on Prickly Pear Cay (estimated as $US 20,000 in direct damages,
plus loss of earnings) by their respective owners. Major losses
were also sustained by the owners of Sandy Island, a small off-
shore Cay, which was completely washed away by the hurricane; it
took a decade to rebuild the Sandy Island restaurant and resort.
Several other tourist businesses (n¼5) suffered from the decline in
numbers of tourists visiting Anguilla in the months and years
following the hurricane. None of the respondents indicated that
the damages caused their businesses to close permanently and,
despite sustaining financial losses, these businesses have since
been able to rebuild. Only two respondents indicated that the
negative impact of the hurricane on their business meant they
needed to rely on alternative income sources (e.g. carpentry and
restaurant work) (Table 5). Several respondents noted that as a
result of the severe impacts of hurricane Luis on Anguilla, it is now
common-place for hotels on the island to close during the
hurricane season (n¼3).
3.4.2. Tourist operators' perceptions of environmental change
Many respondents (n¼8) stated they would be concerned if
hurricane risk increased, because of the implications of the
hurricane season on tourism and the impacts sustained from
hurricane Luis. Only two respondents said that they were not
worried about hurricane risk. Like the fishers, perceptions regard-
ing climate change elicited relatively few responses (n¼5) from
the tourist operators (Table 6). The climate change related threats
Fig. 2. Monthly relative tourist demand for all (n¼13) marine-based tourist operators in Anguilla. Bars show71 SD.
Table 4
Tourist operator responses to the open question “Do you think that the hurricane
season affects tourism, and if so how? The number and percentage of respondents
that mentioned each response is reported.
Tourist operator response categories Number of
responses
Percentage of
responses
Tourists are scared of hurricanes and avoid
coming on holiday in the hurricane season
5 38
Hurricanes damage our beaches and tourism
infrastructure
4 31
If a hurricane is forecast then tourists do not
want to come here, or they cannot travel
4 31
After a hurricane, tourist arrivals decline 3 23
Hurricane season does not affect tourist
demand, the summer tourist market changes
with Americans staying in the USA.
2 15
If a hurricane impacts Anguilla and tourists are
here, they cannot go to the beaches and so they
will not return here again on holiday
1 8
The weather generally is not very good in the
summer, it is hotter with more rainfall
1 8
Table 5
Tourist operator responses to the open question “Did hurricane Luis (1995) affect
your business?” All responses are included, and the number and percentage of
respondents that mentioned each is reported.
Tourist operator response categories Number of
responses
Percentage of
responses
The business sustained financial losses from
direct damages and loss of earnings
5 38
There was a decline in the number of tourists
(between six months and two years), causing
loss of earnings
5 38
Damage to the beaches and coral reefs 5 38
The business was unaffected by the hurricane 3 23
Not working in this current business at that
time
3 23
No electricity for two months 2 15
Relied on alternative sources of income 2 15
All of the hotels closed 1 8
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that were of concern included increasing water temperature and
coral bleaching (n¼2), changing weather and tide patterns (n¼2)
and the increasing risk of hurricanes (n¼1). When the tourist
operators were asked specifically for their perceptions on the
condition of the coral reef ecosystems, eight respondents stated
that they had witnessed negative changes in the state of the reefs
during their lifetime (i.e. physical damage to reefs (n¼5), reduc-
tion in coral cover (n¼3), and loss of colour or bleaching (n¼2)).
Hurricane and storm damage was mentioned by most respon-
dents (n¼10) as the primary cause of coral reef decline in Anguilla.
The second most commonly mentioned stressor was fishing
(n¼8), and respondents spoke of the combination of too many
fishers, irresponsible fishing practices and a lack of enforcement
leading to major declines in fish and shellfish abundance, with
knock-on implications for the coral reef. Increased prevalence of
coral bleaching was a concern of some tourist operators (n¼3).
Additional changes to the coral reefs were also mentioned by
individual respondents, including the growing prevalence of algae,
damage caused to reefs by boat anchors and marine-based pollu-
tion. The majority of respondents (n¼11, 85%) stated that coral
reef condition affects their business, because unhealthy coral reefs
mean there are fewer fish, and their client-base wishes to see fish
and coral. Several respondents also referred to tourist demand for
seafood, and that coral reef condition affects this aspect of the
tourism market.
4. Discussion
Many Caribbean islands are heavily dependent on tourism and
fisheries for livelihood opportunities. Marine-dependent liveli-
hoods on Anguilla are particularly susceptible to impacts on the
marine environment from hurricanes, and the degradation of
marine resources from over-exploitation and coral bleaching
[29,42]. Previous hurricane events on Anguilla, in particular
hurricane Luis in 1995 which represents the most significant
environmental disaster in living memory, have demonstrated the
vulnerability of these livelihoods to a variety of impacts, including
the loss of fishing gear and damage to business infrastructure,
reduced catch rates, and a decreased demand for seafood. There-
fore, expected increases in hurricane risk due to changing global
climate conditions which will cause further degradation of the
marine environment, are likely to have major consequences for
marine-resource livelihoods. The extent to which fishers and
marine tourist operators responded to the impacts brought by
hurricane Luis on Anguilla may have implications for their poten-
tial resilience to future changes in the marine environment.
4.1. Environmental threats to marine-dependent livelihoods
Hurricanes represent the most severe environmental threat
affecting marine resource-users in Anguilla, causing both short-
and long-term impacts. Immediate effects from hurricane Luis in
1995 included damage to fishing gear and boats, reducing the
ability of fishers' to catch fish, and damages to business infra-
structure and the decline in tourist arrivals causing major financial
losses for tourist operators. In addition, the market-demand for
seafood from hotels and restaurants was also significantly reduced,
resulting in fishers being unable to sell what little catch they had.
Both groups of marine-resource users are also vulnerable to the
longer-term environmental impacts of hurricane events, in parti-
cular the destruction of coral reefs and fishing grounds, and
associated changes in fish abundance.
Chronic environmental problems caused by the over-
exploitation of marine resources and coral bleaching episodes
are also an issue for both fishers and tourist operators. For
example, the current depletion of the inshore reef in Anguilla
may mean that more fishers are forced to start exploiting offshore
fishing grounds, while other fishers may choose to leave the
fishery altogether in the future. There may also be market-
demand implications; if fish and shellfish become scarcer and/or
if reliance on imports increases, then prices may increase on the
island. Tourist operators that depend directly on the coral reefs
(dive businesses, charter boat companies) are also expected to
suffer from further coral reef decline. However, by comparison to
the economic and environmental impacts sustained after a hurri-
cane, issues of over-exploitation and coral bleaching may have
smaller and more incremental effects on these marine-dependent
livelihoods.
This study has shown that fishers and tourist operators were
able to respond to the severe 1995 hurricane, through behavioural
and livelihood adaptations, such as changes in fishing strategies, or
reliance on alternative sources of income. However, if hurricanes
become more frequent or severe, e.g. see [2,32] the effects on
these marine resource-users may be critical. The coral reefs and
fishing grounds surrounding Anguilla, as is common for the
Caribbean region, are already in a highly degraded condition
because of sustained over-fishing and hurricane damage [28,43].
Consequently, the extent to which the island’s coral reefs and
fishing grounds would be able to sustain another major hurricane
is unclear. Indeed, several respondents in this study commented
that, due to the present degradation of the coral reefs in Anguilla,
they did not believe the reefs could withstand another extreme
event like hurricane Luis. These resource-users thus consider the
ecological resilience [44,45] of this marine system to be already
heavily compromised.
4.2. Marine-dependent livelihoods and social resilience
to environmental change
Despite variation among fishers in terms of personal character-
istics and fishing-related assets and expenditures, their livelihood
strategies and responses to hurricane Luis were largely similar.
Indeed, the legacy of hurricane Luis has been manifest in a suite of
direct responses by this sector (Table 3), and provides evidence of
marine resource-users adapting livelihood strategies to withstand
environmental uncertainty. The vast majority of respondents use
mixed fishing strategies (fish and lobster traps, hand-lines) and
many switch target species or fishing practices according to
seasonal variations in prey abundance and hurricane risk. In
addition, while most respondents considered fishing to be their
Table 6
Tourist operator response categories to the open question “What do you feel are the
causes of change to the coral reefs?” All responses are included, and the number
and percentage of respondents that mentioned each is reported.
Tourist operator response categories Number of
responses
Percentage of
responses
Hurricane and storm damage 10 77
Overfishing/irresponsible fishing and no
fisheries enforcement causing fewer and
smaller fish and lobsters
8 62
Damage to coral from divers, snorkellers and
spear-fishing
5 38
Warmer sea temperatures causing coral
bleaching
3 23
More algae on the reef 1 8
Anchor damage to the reef 1 8
Pollution (e.g. suntan lotion and diesel from
boats)
1 8
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principal occupation, approximately half subsidised their fishing
with alternative employment. These features are all expected to
contribute to fisher’s social resilience to environmental variability
or change.
In addition, the profitability of fishing in Anguilla, with some
fishers earning many thousands of dollars each month, suggests
that this is not the ‘occupation of the last resort’, and that it does
not fit the typical characterisation of small-scale artisanal fishers
as ‘the poorest of the poor’ [23]. The income that Anguillan fishers
can make, together with the substantial asset-base that they can
accumulate and the flexibility shown by their changes in beha-
viour post-hurricane Luis, may collectively enhance their intrinsic
social resilience, by enabling them to buffer some of the con-
sequences of change or variation in resource productivity [22]. The
strong social cohesion within some of these respondents' fishing
families and communities may also buffer individuals against
uncertainty or fluctuations in the resource [46,47].
The fishers also share features that potentially may restrict
their capacity to develop resilience. Family status and education
can be important measures of how reliant resource-users are on a
resource and therefore how resilient they might be to change [22].
For example, the majority of fishers in this study have families and
children, which may mean that these individuals are less able to
experiment with alternative employment options, as family
responsibilities mean they need to retain employment stability.
Consequently, these respondents may be less flexible to future
changing conditions affecting their occupation [21]. Likewise,
many of these respondents had left the education system early,
worked in the fishery for most of their lives and may therefore
have relatively few transferable skills. It is recognised that these
factors may reduce the flexibility of individuals to move away from
resource-dependent livelihoods such as fishing [21,48]. However,
many fishers in this study stated that they are able to secure
alternative employment and there was no indication that they
were unable to support their families during the hardship brought
by hurricane Luis, or during subsequent hurricane seasons. Impor-
tantly, all of these respondents were able to return to, or reconstruct,
their marine-dependent livelihood after hurricane Luis.
The factor that may present the greatest limitation to adapting
to change is, however, ‘fisher ethic’; the expression of an
entrenched attachment by fishers to their primary occupation.
There was a strong desire among respondents to return to fishing
after the events of hurricane Luis, even though these fishers
sustained substantial losses in gear, the fishing grounds were
damaged and the market-demand had declined substantially.
Fishers in this study and others have shown that there is more
to the occupation of fishing than financial incentive alone [49,50].
This connection to their occupation has been attributed to the
psycho-cultural characteristics of people who fish (e.g. being
adventurous, courageous, active, independent), and notably
because fishing is more than an occupational preference, it is at
the core of the self-identity of a fisher [49]. Fishers who are
strongly attached to their resource-dependent livelihood are
therefore potentially less resilient to change or uncertainty in
the resource [21].
By comparison, the tourist operators may be more resilient to
change and uncertainty than the fishers because many already have
more diversified livelihood strategies, in addition to relatively high
levels of education and greater transferable skills from working in
other sectors. Fewer of these respondents have family responsibil-
ities, and the vast majority of respondents also stated that there
were other possible employment opportunities on the island if
necessary; although again this may itself depend on the state of the
marine environment in the future. The combination of these factors
may make individuals more flexible and dynamic in their livelihood
strategies and future planning [21,23]. The recovery of the tourist
operators following the devastating events of hurricane Luis, in
some cases losing many years of income, and rebuilding their entire
business infrastructure, suggests that these tourist operators have
the financial buffer to withstand stress. Finally, while all of these
tourist operators have strong personal or family ties to their
businesses, by comparison to the fishers, there did not appear to
be the same degree of social or cultural dependency on their
occupation. Collectively, these attributes imply that the marine
tourist operators may have potentially more social resilience to
environmental change.
However, in general there was little variation between the
fishers and tourist operators with regards to their livelihood
strategies, their strong dependence on the marine environment,
and their susceptibility to environmental impacts from hurricanes
and coral reef degradation. Of particular importance was the
dependence by all of these respondents on the tourism industry.
For example, even though many of the fishers and tourist opera-
tors stated they had the means to generate income aside from
their primary occupation, the vast majority of their alternative
occupations were also tourism-dependent.
This dependence on the tourism industry may have the most
significant implications for the vulnerability of these marine
resource-users to environmental change. As has been shown,
tourists visit Anguilla primarily for the beaches and not for the
coral reefs [34]; which might indicate some resilience by the
island’s tourism industry (and tourism operators) to cope with
changes in coral reef health. The implications of hurricanes on
tourism-dependent livelihoods may, however, be more substan-
tial. For example, as the seasonality in tourism demand on
Anguilla (Fig. 2) may be driven by the risk of hurricanes and
favourable summer conditions in the home countries of the
tourists that visit the island (mainly USA nationals), tourism-
dependent livelihoods are potentially vulnerable if future environ-
mental change negatively affects tourism demand. For instance, if
hurricane risk in Anguilla increases (or is perceived to increase),
tourists may choose not to holiday on the island [34]. On the other
hand, global warming may also result in altered climate conditions
in the countries of the tourists that currently visit Anguilla e.g.
USA, Europe; [51], which could also affect future travel patterns
and demand (and is clearly unrelated to hurricane activity).
Consequently, the strong dependence by all of the marine
resource-users in Anguilla on the tourism industry may ultimately
undermine their capacity to develop social resilience to future
environmental change.
5. Conclusions
Fishers and tourist operators in Anguilla are highly dependent
on marine and coastal resources. The capacity of these marine-
dependent livelihoods to use resources is significantly affected by
hurricane impacts and marine resource degradation. Marine-
dependent livelihoods in Anguilla have been able to respond and
rebuild their livelihoods after past impacts from hurricanes
through adaptations such as changes in fishing strategies and
livelihood diversification, which suggests a capacity for resilience
in the face of environmental stress. However, their ability to cope
with future stresses will clearly depend on the extent of the
environmental changes. The high-end tourism on Anguilla boosts
the demand for expensive seafood and provides fishers with stable
and often high levels of income. However, the threat of environ-
mental change on marine-dependent livelihoods is common
throughout the Caribbean. Indeed, Caribbean-wide changes in
the marine environment show that issues of marine degradation
are widespread throughout the region [43,52], and are expected to
worsen with climate change [2,53]. Urgent attention is required to
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provide sustainable and resilient futures for the many thousands
of marine-dependent livelihoods throughout the Caribbean threa-
tened because of already depleted marine resources and future
environmental changes.
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